A wide variety of antibiotics have been used to increase the feed conversion and prevent bacterial intestinal disease in industrial animals. The use of antibiotics with farm animals, however, caused tissue residue of the antibiotics and an imbalance of normal intestinal flora as well as a reduction in beneficial intestinal microbial populations and the generation of antibiotic-resistant bacteria (Hinton et al., 1986) . In order to overcome the above-mentioned problems, the utility and development of probiotics has recently increased in veterinary sectors.
Probiotics, defined as "a viable singular or mixed culture of microorganisms which when applied to animals or humans beneficially affects the host by improving the properties of the indigenous microflora" (Harvennar and Huis, in't Veld, 1992) , are strongly recommended as an alternative for antibiotics for industrial animals. Among bacteria used as probiotics, lactic acid bacteria has been used widely. Many investigators reported that lactic acid bacteria have an important role in beneficial biological functions in industrial animals (Fuller, 1989; Gilliland and Speck, 1977; Juven et al., 1991; Pedigon et al., 1995; Tortuero, 1973) . However, in spite of the positive effects of probiotics application in health care and improving feed conversion for industrial animals (Pollmann et al., 1980; Sissons, 1989) , special probiotics for inland or sea fish have not yet been developed. At present, most fish farmers in Korea have used probiotics isolated from mammals to achieve growth promotion.
Therefore, in this study, we screened the ideal lactic acid bacteria as a probiotic candidate for marine fish in flounder intestines and conducted feeding trials to learn the probiotic effects.
A total of 100 flounder weighing 600± 10 g from five fish-farms in Korea were used in this study for the screening of intestinal bacteria. The flounder were found clinically healthy by routine veterinary inspection and were given antibiotic-free feed. In order to isolate the intestinal bacteria, the fish were slaughtered by physical destruction of the brain, their surfaces sterilized with 95% ethanol, and then they were dissected to allow removal of the gastrointestinal tract in its entirety. The gut was ligated at two portions of the gastrointestine (upper and lower intestine). The ligated intestines were transported to the laboratory using Gaspack jars in ice within 6 h. To screen intestinal lactic acid bacteria, each section was opened by means of sterile scalpels and the contents removed to sterile dishes. Then the sections were gently flushed with a 20 ml volume of sterile seawater to remove the residues of partially digested feed. Modified Mitsuoka's methods (1980) were adopted with the addition of 3% NaCI into all media to screen and enumerate the intestinal bacteria. Each gram of the upper and lower intestine was rapidly moved into an anaerobic diluent and vigorously vortexed. After thorough mixing, the specimens were serially diluted from 10-' to 10-6 with an anaerobic diluent. From each dilution, a 0.05 ml of suspension was spread on four agar plates: glucose blood liver (BL) agar and eggerth-gagnon (EG) agar for anaerobic bacteria, trypticase soy blood (TS) agar for aerobic bacteria and modified lactobacilliselective (LBS) agar for lactobacilli. TS agar plates were incubated aerobically at 37°C for 24 h. Three plates of BL, EG and LBS were incubated at 37°C for 3 days in an anaerobic steel-wool jar filled with oxygen-free 002. The isolated strains were identified by the methods of Bergey's Manual of Systematic Bacteriology (Kandler, 1986) . The selected lactobacillus was tentatively identified as Lactobacillus sp. DS-12 and carried out to investigate acid resistance, bile resistance and antagonistic activity against fish pathogenic microorganisms. Fish pathogenic bacteria used were Vibrio anguillarium, Pseudomonas fluorescens, Edwardsiella tarda, Pseudomonas anguilliseptica, Pasteurella piscida, Streptococcus faecalis and Aeromonas hydrophila. From the above experiments, Lactobacillus sp. DS-12 had characteristics as good as probiotics. Lactobacillus sp. DS-12 used as a probiotic for field trials was prepared using a 300-L fermentor containing 150-L MRS broth. Lactobacillus sp. DS-12 was cultured for 16 h at 30°C under aeration of 0.5 vvm and agitation of 300 rpm. The culture broth was centrifuged at 5,000 rpm for 15 min. Cell pellets were washed with 0.85% saline solution and suspended with 20% skim milk for freeze-drying. After freeze-drying, the number of cells was counted by plating onto MRS agar medium. In order to make the premix of Lactobacillus sp. DS-12 for feeding trials, the freezedried cells were mixed with lactose to maintain a cell number ranging from 4.2x 109/g to 4.8x 109/g.
A total of 600 flounder were divided into two groups of three-hundred flounder each, with one group receiving the probiotic administration (1 kg premix of Lactobacillus sp. DS-12 per ton of commercial feed) and the other group serving as the control. The fish were raised on a fish-farm in a glass seawater aquarium equipped with thermo-regulating and filtration systems (water temperature 20°C). They were fed minced frozen pilchard (Sardinops melanosticta) daily. The flounder were reared in conventional conditions for 1 month with two feeding trials. The significance of the differences was tested using unpaired t-test. The null-hypothesis was rejected at the 5% level.
Intestinal fecal samples were taken from both groups at 0 and 30 days. Five flounder were randomly captured and kept at 4°C until investigation of intestinal flora. Flounder were killed by head incision and the intestines aseptically opened. Lower intestinal contents were obtained and the bacterial flora immediately examined using the following media. Each bacterial number in the lower intestine was determined by plating onto MRS agar for lactobacilli, staphylococcus 110 medium (Difco) for gram-positive cocci, DHL medium (Eiken) for enterobacteria, potato dextrose agar (BBL) for yeast, triptic soy agar for aerobes and blood liver medium for anaerobes in a steel jar at 30°C for 24 h.
A total of 199 microorganisms were isolated from the intestinal contents of flounder in the first screening of lactobacilli. The number of rod-shaped strains (150 strains) was larger than that of coccus-shaped strains (17 strains). One-hundred-forty-three strains of rod isolates were catalase-positive and only 3 strains were catalase-negative.
Among the strains, Lactobacillus sp. DS-12 showed salt resistance (10%), acid resistance (pH 3, 90 min) and bile resistance (1 %). Lactobacillus sp. DS-12 had potential antibacterial activity against fish pathogenic bacteria, Edwardsiella tarda, Pasteurella piscida, Aeromonas hydrophila and Vibrio anguillarium, but did not have activity against Pseudomonas spp. and Streptococcus faecalis using the differed assay method as shown in Table 1 . However, Lactobacillus sp. DS-12 did not have any activity against test pathogens by the paper disk assay method. It can be assumed that the antagonistic activity against fish pathogenic bacteria is not from bacteriocin-like materials (Sissons, 1989) , but acid production secreted from Lactobacillus sp. DS-12. In addition, we confirmed the safety of Lactobacillus sp. DS-12 to mice and flounder through administration via oral and intraperitoneal routes with 0.5 ml of the Lactobacillus sp. DS-12 culture broth for 2 weeks. No animals or fish died after administration of the culture broth during the duration of the experiment. This result indicated Lactobacillus sp. DS-12 seems to be safe for flounder.
The effect of Lactobacillus sp. DS-12 as a probiotic was investigated based on the changes in intestinal flora and body weight of farmed flounder. After a onemonth feeding trial, the intestinal flora differences between flounder orally administered Lactobacillus sp. DS-12 and controls were as shown in Table 2 . The values represent mean number±SD of each bacteria and the frequency. Lactobacilli were not detected in the intestine of the control group. The number of hemolytic bacteria was similar in both the treatment group and control group. However, mucoid colonies couldn't be observed in the treatment group after Lactobacillus sp. DS-12 administration in the study. Although there was no evidence that the treatment group had any effect on the inhibition of hemolytic bacteria and mucoid colonies, there was evidence of the persistence of Lactobacillus sp. DS-12 in fishes on the basis of Table 2 . Similarly, Gilliland et al. (1980) reported that calves fed pasteurized whole milk containing L. acidophilus exhibited greater increases in the number of lactobacilli and greater reductions in the number of coliforms in the feces. The feeding effects of Lactobacillus sp. DS-12 were checked by the change in body weight gain through two terms of feeding trials using flounder as shown in Table 3 . In the first trial, the mean body weight gain of the treated group fed Lactobacillus sp. DS-12 was significantly greater than that of the control group (p<0.05). In the second trial, although there was no significant difference between the treated and control groups, the probiotic group fed Lactobacillus sp. DS-12 showed the same tendency of greater increase in body weight than the control group. The findings listed in Tables 2  and 3 support the hypothesis that the administration of Lactobacillus sp. DS-12 may obtain growth promotion and pathogenic bacteria suppression due to the long persistence of Lactobacillus sp. DS-12 in the fish gut. Pollmann et al. (1980) reported that the administration of Lactobacillus acidophilus induces a growth promotion effect in sibling and nearly matured pigs. Other researchers (Chateau et al., 1993; Fuller, 1989; Gilliland et al., 1980; Gorbach, 1990; Pedigon et al., 1995; Tortuero, 1973) also reported that the administration of lactobacilli improves intestinal microflora and promotes animal and human health.
In conclusion, Lactobacillus sp. DS-12 could be used as a probiotic for flounder on the basis of antibacterial activity, bile resistance and acid resistance, especially salt resistance. The most important fact is that the administration of Lactobacillus sp. DS-12 promoted the growth of flounder. Table 3 . Effect of oral administration of Lactobacillus sp. DS-12 on body weight gain of flounder after 30 days in feeding trials.
